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(54) Tyre 

(57) A tyre comprises a tread portion (2) in which a 
mould parting line by a single-split mould runs on or near 
the tyre equator (CO). In a central part (2C) of the tread 
portion in which tread grooves (4) are provided, the 
groove edges which are stroked by tyre mould's protru- 



sions for making the tread grooves (4) when the mould 
is opened are provided with a chamfer backed by a re- 
cess and/or the groove walls extending from such 
groove edges are provided with a variable inclination, 
whereby demoulding defects can be reduced. 
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Description 

[0001] The present invention relates to a tyre more particularly to a tread groove structure being capable of reducing 
demoulding defects caused by a single-split mould. 
5 [0002] In comparison with a segmental mould which comprises circumferentially divided, radially movable sectors, 
a single-split mould or two-piece mould having a split face on or near the tyre equator is knows as low cost because 
the mould itself and incidental equipment, controller and the like are simple. 

[0003] When such a single-split mould is opened to take out the vulcanised tyre therefrom, as the two mould pieces 
are moved apart in the tyre axial direction, grooved parts in the tread portion of the tyre are liable to be damaged by 
10 protrusions which are provided on the inside of the mould in order to make tread grooves. Demoulding defects are 
more liable to occur as the inclination angle of the groove becomes smaller with respect to the tyre circumferential 
direction and in the tread central portion than the tread shoulder portion. 

[0004] On the other hand, ordinary pneumatic tyres are provided in the tread portion with a circumferential groove 
and/or a less-inclined oblique groove. Accordingly, it is difficult to manufacture such tyres using a single-split mould 
15 although it can reduce the tyre production cost. 

[0005] It is therefore, an object of the present invention to provide a pneumatic tyre which can be made without 
demoulding defects using a single-split mould even if a circumferential groove and/or less-inclined oblique grooves 
are disposed in the tread central portion. 

[0006] According to the present invention, a tyre comprises a tread portion in which a mould parting line by a singte- 
20 split mould runs on or near the tyre equator defining a right-hand part of the tread portion on one side of the mould 
parting line and a left-hand part on the other side, the tread portion provided in at least a central part with tread grooves 
each having a right-hand groove wall and a left-hand groove wall, wherein in the right-hand part, the right-hand groove 
walls are at least partially provided with an inclined part extending from the tread face towards the groove bottom while 
inclining to the left, and the left-hand groove walls are inclined less than the inclined part of the respective opposite 
25 right-hand groove walls, in the left-hand part, the left-hand groove walls are provided with an inclined part extending 
from the tread face towards the groove bottom while inclining to the right, and the right-hand groove walls are inclined 
less than the inclined part of the respective opposite left-hand groove walls, and the inclined parts are a first inclined 
part extending from the tread face to the vicinity of the groove bottom, while inclining at an first inclination angle of from 
15 to 45 degrees, and/or a second inclined part inclined at a second inclination angle of from 30 to 60 degrees and 
30 having a width of from 0.3 to 2 mm when measured in parallel to the tread face and accompanied by a recess which 
is narrower and shallower than the tread groove and extends along the second inclined part. 

[0007] An embodiment of the present invention will now be described in detail in conjunction with the accompanying 
drawings: 

35 Fig.1 is a schematic cross sectional view of a single-split mould and a pneumatic tyre according to the present 

invention; 

Fig. 2 is a plan view of the tyre showing an example of the tread groove arrangement; 
Fig.3 is an enlarged plan view showing the central circumferential groove and a main oblique groove thereof; 
Fig. 4 is a cross sectional view of the central circumferential groove; 
40 Figs.5A, 5B and 5C are cross sectional views of the main oblique groove taken along lines l-l, ll-ll and Ill-Ill in Fig. 

3, respectively; 

Fig. 6 is a sectional view taken along the centre line of the main oblique groove; and 
Fig.7 is an enlarged cross sectional view of a secondary oblique groove. 

45 [0008] In the drawings, a pneumatic tyre 1 according to the present invention comprises a tread portion 2, a pair of 
sidewall portions, a pair of bead portions each with a bead core therein (not shown) and a carcass (not shown) extending 
between the bead portions. The tread portion 2 is provided between tread edges Te with tread grooves G forming a 
tread pattern. The tread grooves G include at least one circumferential groove and a plurality of oblique grooves. 
[0009] According to the present invention, the pneumatic tyre 1 is formed by a single-split mould 30 comprising a 

50 first piece 31 U and a second piece 31 L. As a result, a mould parting line (31) runs on or near the tyre equator CO. 
When opening the mould 30, the first piece 31 U and second piece 31 L move towards both sides of the tyre in parallel 
with the tyre axial direction. Incidentally, the inner face of the mould 30 is profiled and comprises a tread shaping face 
32 with protrusions 35 for making the tread grooves G, a pair of sidewall shaping faces 33, and a pair of bead shaping 
faces 34. In this example, the first piece 31 U and second piece 31 L are mounted on a ram and a bed of a press, 

55 respectively. Thus, the mould 30 can be opened and closed by up and down movements of the ram. The split face 31 
between the two pieces 31 U and 31 L is positioned on the tyre equator CO on the tread shaping face 32. 
[0010] Fig.2 shows an example of the tread groove arrangement or the tread pattern, which, in this example, is a bi- 
directional tread pattern being substantially rotationally symmetrical. But, it is also possible to provide a uni-directional 
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tread pattern being substantially symmetrical about the tyre equator C. Usually, pitch variations are employed in ar- 
ranging tread grooves such as oblique grooves around the tyre, and a circumferential phase shift is made between a 
right half tread pattern and a left half tread pattern. Accordingly, a strictly symmetrical pattern is rare. Thus the expres- 
sion "substantially symmetrical" is meant to include such fluctuations. 

5 [001 1] Here, the above-mentioned tread edges Te mean the axial outermost edges of the ground contacting region 
under such a condition that the tyre is mounted on a standard rim and inflated to a standard pressure, and then loaded 
with a standard load. The standard rim is the "standard rim" specified in JATMA, the "Measuring Rim" in ETRTO, the 
"Design Rim" in TRA or the like. The standard pressure is the "maximum air pressure" in JATMA, the "Inflation Pressure" 
in ETRTO, the maximum pressure given in the 'Tyre Load Limits at Various Cold Inflation Pressures" table in TRA or 

10 the like. In case of passenger car tyres, however, 1 80 kPa is used as the standard pressure. The standard load is the 
"maximum load capacity" in JATMA, the "Load Capacity" in ETRTO, the maximum value given in the above-mentioned 
table in TRA or the like. 

[001 2] The under-mentioned tread central portion 2C is defined as a portion centred on the tyre equator C and having 
a 50% width of the tread width TW. The remaining 25% width portion on each side of the central portion 2C is referred 

15 as shoulder portion 2S. The tread width TW is the axial width between the tread edges Te. 

[0013] Because the demoulding defects are more liable to occur in the tread central portion 2C than the shoulder 
portions 2S, there are provided demoulding-defect preventing means mainly on tread grooves which are partially or 
wholly existing in the tread central portion 2C. However, if groove inclination with respect to the tyre circumferential 
direction is more than 45 degrees, such means are not necessary. 

20 [0014] The demoulding-defect preventing means are provided as follows. 

[0015] In the example shown in Fig.1 , a central circumferential groove 9 and an axially outer circumferential groove 
3 on each side thereof are provided. Further, as to the oblique grooves, main oblique grooves 4 and secondary oblique 
grooves 10, each extending axially inwardly from one of the outer circumferential grooves 3, are disposed. 
[0016] The central circumferential groove 9 is a substantially straight groove extending continuously along the tyre 

25 equator C. 

[0017] The axially outer circumferential grooves 3 are also substantially straight groove extending continuously 
around the tyre in parallel with the tyre equator C. Each outer circumferential groove 3 is disposed in a middle region 
which region is defined as extending towards each side from the border between the central portion 2C and shoulder 
portion 2S by 5% of the tread width TW. In this example, the circumferential groove 3 extends along the border line. 
30 in case of passenger car tyres, the width W0 of the outer circumferential groove 3 is at least 2.5 % preferably more 
than 3.0 % of the tread width TW. 

[0018] The demoulding-defect preventing means are therefore, provided on the central circumferential groove 9 but 
not provided on the outer circumferential grooves 3. 

[0019] The demoulding-defect preventing means in this case is a chamfer portion 21 B accompanied by a recess 23. 

35 The chamfer portion 21 B is provided on the groove edge which is stroked by the protrusions 35 of the mould 30 when 
the mould is opened. The recess 23 is formed near and axially outside the chamfer portion 21 B. 
[0020] In the case of the central circumferential groove 9, as the mould parting line runs in the groove bottom, the 
chamfer portion 21 B and recess 23 are provided on each edge as shown in Figs.3 and 4. Therefore, each of the groove 
walls 21 comprises a main portion 21 A extending radially outwardly from the groove bottom 22 and the chamfer portion 

40 21 B extending radially outwardly from the radially outer end of the main portion 21 A to the tread face 2 with both 
inclining axially outwards. In a cross section normal to the groove centre line, the inclination of the groove wall 21 with 
respecttothe normal direction to the tread face is as follows: the inclination angle 52 of the main portion 21 A is preferably 
set in a range of from 2 to 8 degrees; the inclination angle 61 of the chamfer portion 21 B is set in a range of from 30 
to 60 degrees. The axial width L3 between the outer and inner ends P1 and P2 of the chamfer portion 21 B is set in a 

45 range of from 0.3 to 2.0 mm. Further, the corner C1 between the main portion 21 A and groove bottom 22 is rounded 
by a radius rl of from 0.5 to 2.0 mm. 

[0021] The recess 23 is formed on the tread face alongside the chamfer portion 21 B. The recess 23 has a sectional 
shape having a curved base such as a semicircle, semi-oval and the like. In the cross section normal to the groove 
centre line, the width W4 of the recess 23 is in a range of from 0.3 to 3.0 mm when measured in parallel with the tread 

so face, and the depth D4 thereof is in a range of from 0.3 to 2.0 mm when measured from the tread face to the deepest 
point. The distance L4 from the outer end P1 to the recess 23 is set in a range of from 0.5 to 2.0 mm. 
[0022] As to the outer circumferential groove 3 in this example, as the axially outer groove wall is outside the tread 
central portion 2C, the chamfer portion 21 B and recess 23 are not formed. Each of the axially outer and inner groove 
walls is composed of a main portion 21 A extending from the groove bottom 22 to the tread face 2 while inclining 

55 outwards at the above-mentioned inclination angle 82. If need be, however, it is possible to provide the chamfer portion 
21 B and recess 23 in the same manner as the central groove 9. 

[0023] Owing to the chamfer portion 21 B backed by the recess 23, demoulding defects can be effectively controlled 
although the size of the chamfer portion 21 B and recess 23 and the distance therebetween are considerably small. 
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[0024] As to the above-mentioned main oblique grooves 4, each extends axially inwardly from one of the outer 
circumferential grooves 3, but, as shown in Fig, 2, does not reach to the central circumferential groove 9 to form a 
circumferentially continuous rib on each side of the central circumferential groove 9. 

[0025] Each main oblique groove 4 comprises an axially inner circumferential portion 4B and an axially outer inclined 
5 portion 4A. The inclined portion 4A extends axially inwardly from the outer circumferential groove 3. The inclination 
angle 61 thereof with respect to the tyre circumferential direction is set in a range from 30 to 60 degrees, preferably 
40 to 50 degrees at the junction J1 with the circumferential groove 3. From the junction J1 towards the axially inside, 
the inclination angle 81 gradually decreases to substantially zero degrees so that the inclined portion 4A merges into 
the circumferential portion 4B. The circumferential portion 4B extends substantially parallel to the tyre circumferential 
10 direction. The distance LI from the tyre equator C to the centre line of the circumferential portion 4B is set in a range 
of not more than 15 % of the tread width TW. The circumferential length L2 of the inclined portion 4A is set in a range 
of not less than 50 % of the total circumferential length L0 of the main oblique grooves 4. 

[0026] As the main oblique grooves 4 each have a certain circumferential extent and a certain depth, demoulding- 
defect preventing means is provided. In this case, the means is a variable inclination a of the axially outer groove wall 
15 4o. Figs.5A, 5B and 45C each show a cross section normal to the groove centre line. The inclination a becomes 
maximum (amax) in the vicinity of the groove bent point K or connect point K of the inclined portion 4A and circumfer- 
ential portion 4B (see Fig. 3). To be exact the connect point K may be defined as the meeting of the centre line of the 
inclined portion 4A and the centre line of the circumferential portion 4B. 

[0027] The maximum inclination amax is set in the range of from 15 to 45 degrees, preferably 1 5 to 25 degrees. 
20 [0028] This maximum inclination amax continues for a certain length and then in subsequent portions YB and YC 
(hereinafter the "angularly changing portions YB and YC"), the inclination angle a gradually decreases towards the 
axially outer and inner ends of the groove. 

[0029] Further, the corner 4c between the axially outer groove wall 4o and groove bottom 4b is rounded by a radius 
of curvature (r) of not less than 1 .0 mm. Usually, the radius (r) is set to be not more than 3.0 mm. 
25 [0030] On the other hand, the axially inner groove wall 4i has an inclination angle □ in a range of from 0 to 6 degrees 
and, unlike the axially outer groove wall 4o, it is substantially constant along the length of the oblique groove 4. 
[0031] As a result of the above-mentioned variable inclination, the top width W of the main oblique groove 4 becomes 
increased towards the point K from each of the axially inner and outer ends. 

[0032] In this example further, the bottom width is increased in a part 6A which extends from the contact point K 
30 towards the inclined portion 4A and circumferential portion 4B. Accordingly, the top width W is maximum in the part 
6A, and the top width W gradually decreases in the subsequent transitional parts 6B and 6C. The axially inner transi- 
tional part 6C extends to the end of the circumferential portion 4B. The axially outer transitional part 6B extends to a 
position before the outer circumferential groove3, and from this position a constant width part R extends to the junction 
J1. 

35 [0033] It is preferable that the transitional parts 6B and 6C entirely overlap with the angularly changing portions YB 
and YC, respectively. 

[0034] The maximum top width at the point K is preferably set in a range of from 60 to 1 00 % of the top width W0 of 
the circumferential groove 3. The top width W at the junction J1 is preferably set in a range of from 25 to 80 % usually 
40 to 60 % of the top width W0. 

40 [0035] The depth (d) of the main oblique groove 4 may be constant, but as shown in Fig.6, it is preferable to gradually 
decrease the depth (d) from the circumferential groove 3 towards the axially inside. The depth at the junction J1 is 
substantially equal to the depth DO of the circumferential groove 3. In the circumferential portion 4B, the depth is set 
in a range of not more than 80 % of the depth DO. In the example shown in Fig.6, each of the inclined portion 4A and 
circumferential portion 4B has a constant depth part and a variable depth part. 

45 [0036] In this example, further, the circumferentially adjacent circumferential portions 4B are connected with each 
other by connecting grooves 7. The connecting grooves 7 are narrower and shallower than these portions and have 
a width of from 0.5 to 3 mm and a depth of from 2 to 5 mm. Therefore, the circumferential portions 4B and these narrow 
connecting grooves 7 form a groove which extends continuously in the tyre circumferential direction while repeatedly 
changing the width and depth. Although the narrow connecting grooves 7 extends in parallel with the tyre equator, as 

50 the width and depth are limited as above, demoulding defects on the narrow connecting grooves 7 can be controlled. 
[0037] Therefore, it can be said that such limitations are demoulding-defect preventing means. 
[0038] The above-mentioned secondary oblique groove 10 extends axially inwards from the outer circumferential 
groove 3 in substantially parallel with the inclined portion 4A and terminates before the circumferential portion 4B. The 
secondary oblique groove 10 has, at the junction J2 with the circumferential groove 3, an inclination angle e of from 

55 30 to 60 degrees, preferably 40 to 50 degrees with respect to the circumferential direction. The inclination angle 6 
gradually decreases from the junction J2 towards the axially inside while describing substantially a part of a circle. 
[0039] In this example, an axially inner part 10A of the secondary oblique groove 10 has an inclination angle 0 of 
less than 45 degrees with respect to the circumferential direction. As the secondary oblique groove 1 0 is narrower than 
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Table 2 



Tyre 


Ref.B2 


Ex.B1 


Ex.B2 


EX.B3 


Ex.B4 


Ex.B5 


Ref.BI 


Chamfer portion 21 B 














None 


Width L3 (mm) 


0.1 


0.3 


0.7 


1.1 


1.5 


2 




Demoulding defects 


C 


B 


A 


A 


A 


A 


C 


Appearance 


A 


A 


A 


A 


A 


B 


A 



10 

Table 3 



Tyre 


Ex.C1 


Ex.C2 


Ex.C3 


Ex.C4 


EX.C5 


Ex.C6 


Ref.CI 


Recess 23 














None 


Width W4 (mm) 


0.4 


0.8 


1.2 


1.6 


2 


2.4 




Depth D4 (mm) 


0.2 


0.4 


0.6 


0.8 


1 


1.2 




Demoulding defects 


B 


A 


A 


A 


A 


A 


B 


Appearance 


A 


A 


A 


A 


A 


B 


A 
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Table 4 





Table 1 


Table 2 


Table 3 


Groove wall 21 








Main portion 21 A 








Angle 52 (deg.) 


8 


8 


8 


Chamfer portion 21 B 








Angle 51 (deg.) 




35 


30 


Width L3 (mm) 


0.5 




0.5 


Recess 23 








Distance L4 (mm) 


0.5 


0.5 


0.5 


Width W4 (mm) 


1 


1 




Depth D4 (mm) 


0.5 


0.5 





Table 5 



45 



Tyre 


Ref.DI 


Ref.D2 


Ex.D1 


EX.D2 


Ex.D3 


Ex.D4 


Ex.D5 


Ref.D3 


Groove wall 4o amax (deg.) 


5 


10 


15 


20 


25 


30 


40 


50 


Demoulding defects 


C 


B 


B 


A 


A 


A 


A 


A 


Appearance 


A 


A 


A 


A 


A 


A 


B 


C 


Wet performance 


100 


98 


98 


98 


98 


98 


95 


95 








Table 6 














Tyre 


Ex.E1 


Ex.E2 


Ex.E3 


EX.E4 


Ex.E5 


Ex.E6 


Ex.E7 






Groove wall 4o Corner radius r (mm) 


0.5 


1 


1.5 


2 


2.5 


3 


3.5 






Demoluding defects 




C 


B 


A 


A 


A 


A 


A 






Appearance 




A 


A 


A 


A 


A 


B 


C 






Wet performance 




100 


100 


99 


99 


99 


97 


97 
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Table 7 
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Tyre 


Ex.F1 


Ex.F2 


EX.F3 


EX.F4 


Ex.F5 


Ex.F6 


Ex.F7 


Groove wall 4o 
















Corner radius r (mm) 


0.5 


1 


1.5 


2 


2.5 


3 


3.5 


Demoulding defects 


B 


A 


A 


A 


A 


A 


A 


Appearance 


A 


A 


A 


A 


A 


B 


C 


Wet performance 


100 


100 


99 


99 


99 


97 


97 



Table 8 



25 



35 



Tyre 


Ex.G1 


Ex.G2 


EX.G3 


EX.G4 


EX.G5 




Main oblique groove 4 














Depth d (mm) 














at J1 


3.2 


7.9 


7,9 


7.9 


7.9 




in 4B 


3.2 


3.2 


7.9 


6.4 


4.7 




Demoulding defects 


A 


A 


C 


B 


B 




Appearance 


C 


A 


A 


A 


A 




Wet performance 


80 


100 


105 


103 


101 






Table 9 










Table 5 


Table 6 


Table 7 


Table 4 


Outer circumferential groove 3 










Width W0 (mm) 




5.6 


5.6 


5.6 


5.6 


Depth DO (mm) 




7.9 


7.9 


7.9 


7.9 


Main oblique groove 4 












Inclination G1 (deg.) 












atJ1 




45 


45 


45 


45 


Groove walls' inclination 












am ax (deg.) 






15 


20 


20 


P(deg.) 




3 


3 


3 


3 


Top width W (mm) 












atJ1 




3.1 


3.1 


3.1 


3.1 


atK 




5.2 


5.2 


5.2 


5.2 


Depth d (mm) 












at J1 




7.9 


7.9 


7.9 




in 4B 




3.2 


3.2 


3.2 




Corner radius r (mm) 




1 






1 



Claims 

1 . A tyre comprising a tread portion (2) in which a mould parting line by a single-split mould runs on or near the tyre 
equator (CO) defining a right-hand part of the tread portion on one side of the mould parting line and a left-hand 
part on the other side, the tread portion provided in at least a central part (2C) with tread grooves (4) each having 
a right-hand groove wall and a left-hand groove wall, characterised in that in the right-hand part, the right-hand 
groove walls are at least partially provided with an inclined part (21 B) extending from the tread face (2) towards 
the groove bottom (22) while inclining to the left, and the left-hand groove walls are inclined less than the inclined 
part (21 B) of the respective opposite right-hand groove walls, in the left-hand part, the left-hand groove walls are 
at least partially provided with an inclined part (21 B) extending from the tread face (2) towards the groove bottom 
(22) while inclining to the right, and the right-hand groove walls are inclined less than the inclined part of the 
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respective opposite left-hand groove walls, the inclined parts are a first inclined part extending from the tread face 
to the vicinity of the groove bottom, inclining at an first inclination angle of from 15 to 45 degrees, and/or a second 
inclined part inclined at a second inclination angle of from 30 to 60 degrees and having a width of from 0.3 to 2 
mm when measured in parallel to the tread face and accompanied by a recess (23) which is narrower and shallower 
5 than the tread groove and extends along the second inclined part. 

2. A tyre according to claim 1 , characterised in that the tread grooves include a circumferential groove provided with 
the second inclined part accompanied by the recess. 

10 3. A tyre according to claim 1 or 2, characterised in that the tread grooves include oblique grooves provided with the 
first inclined part. 

4. A tyre according to claim 1 , characterised in that the tread grooves include wide oblique grooves provided with 
the first inclined part, and narrow oblique grooves provided with the second inclined part accompanied by the 

15 recess. 

5. A tyre according to claim 1 , characterised in that the tread grooves include a circumferential groove provided with 
the second inclined part accompanied by a recess, wide oblique grooves provided with the first inclined part, and 
narrow oblique grooves provided with the second inclined part accompanied by a recess. 

20 

6. A tyre according to claim 3, 4 or 5, characterised in that each of the oblique grooves extends axially inwardly from 
an axially outer circumferential groove, the axially outer circumferential groove is disposed on each side of the tyre 
equator and not provided with the inclined part. 

25 7. A tyre according to claim 5, characterised in that each of the wide oblique grooves comprises an axially inner 
circumferential portion and an axially outer inclined portion which merges into the axially inner circumferential 
portion, an inclination angle of the axially outer inclined portion with respect to the tyre circumferential direction 
gradually decreases from an angle at the axially outer end thereof which is in a range of from 30 to 60 degrees to 
substantially zero degrees at a connecting point with the circumferential portion, and the first inclination angle of 

30 the first inclined part has a maximum in the vicinity of the connecting point and gradually decreases towards both 

side thereof, whereby the groove width at the groove top becomes wider in the vicinity of the connecting point. 

8. A tyre according to claim 7, characterised in that the groove width at the groove bottom is increased in the vicinity 
of the connecting point. 

35 

9. A tyre according to claim 7, characterised in that the depth of each of the wide oblique grooves gradually decreases 
from the axially outer end to the axially inner end thereof. 

10. A tyre according to claim 7, characterised in that the circumferentially adjacent circumferential portions are con- 
40 nected with each other by circumferentially extending narrow connecting grooves having a width of from 0.5 to 3 

mm and a depth of from 2 to 5 mm. 

11. A tyre according to claim 2, characterised in that the circumferential groove is disposed on the mould parting line 
and both the groove walls thereof are provided with the second inclined part accompanied with a recess, whereby 

45 the recess is formed on each side of the circumferential groove. 

12. A tyre according to any of claims 1 to 11 , characterised in that the recess has a width of from 0.3 to 3 mm and a 
depth of from 0.3 to 2.0 mm. 

so 13. A tyre according to any of claims 1 to 12, characterised in that the corner between the groove wall provided with 
the inclined part and the groove bottom is rounded. 
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Fig.2 
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Fig.4 
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Fig.6 
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